ABSTRACT: A novel magnetic carbon-coated cobalt ferrite (CoFe 2 O 4 /C) nanorod adsorbent has been synthesized via a hydrothermal carbonization process using the one-dimensional cobalt ferrite as carrier and glucose as carbon source. The as-prepared sample was characterized by XRD, SEM, TG-DTA and FTIR. The adsorption property of Cr(VI) onto the CoFe 2 O 4 /C in different conditions was investigated. The thermodynamics and dynamics properties for the adsorption of Cr(VI) onto CoFe 2 O 4 /C nanorods were discussed. The results showed that the Cr (VI) can be effectively removed from aqueous solution at pH 3.0 with the mass ratio of CoFe 2 O 4 nanorods to glucose at 0.1.
In recent years, the treatment of six valence chromium wastewater has become a hot issue of environmental workers. Chromium is a heavy metal which is widely used in industrial production. Electroplating, printing and dyeing and chromate chemical production are the main source of chromium containing wastewater [1~2] . Chromium exists mainly in two forms as Cr (VI) and Cr (III) in aqueous solutions. Among them, Cr (VI) is the most toxic, which is one of the 129 dangerous pollutants confirmed by EPA [3] . Cr (VI) has good water solubility, strong oxidation and easy migration, it can also penetrate the biofilm and enriched through the transfer of food chain. Cr (VI) has the potential to cause cancer, abnormality and mutation of human body, and has serious damage to the natural environment. Therefore, Cr (VI) pollution is one of the most serious environmental pollution.
The precipitation, chemical reduction, ion exchange, electrochemical and adsorption are main methods to treat the wastewater contained Cr (VI). Among them, adsorption method is considered as the most promising method of treatment. But the selection of adsorption material is the key in the treatment of chromium containing wastewater by adsorption. Up to now, adsorption materials are mainly activated carbon, polymer, biological materials, and industrial solid waste and so on [6, 7] . However, these materials have low processing capacity, low efficiency, poor regeneration and high cost. In addition, difficult separation between adsorption materials and mother liquor leads to complicated operation and higher cost.
Biological material or industrial solid waste has low cost. However, these materials often requires a specific treatment process in order to achieve better removal effect. Chen et al. proposed the use of waste wheat to remove the Cr (VI) in aqueous solutions [8] . However, the waste wheat requires the use of epoxy chloropropane, diethylene triamine, triethylamine borane and modifications in the particular conditions. The Biological materials published in patent CN102380355B use eggshell membrane as the detoxification for Cr (VI), but it still needs to be modified with polyethylene (PEI), which increases the cost of processing. The paper [9, 10] use biological materials such as straw, peanut shell which is untreated to treat the Cr (VI), although the adsorption material has low cost, its adsorption capacity is unsatisfactory. It is difficult to be popularized in practice for the large amount of material consumption.
Glucose (chemical formula C 6 H 12 O 6 ) is known as corn sugar and corn sugar is the most widely distributed and the most important simple sugar. The surface of the materials is rich in hydroxyl and carboxyl groups after carbonization of glucose in water, which can be used to treat Cr (VI) in wastewater. On the other hand, magnetic separation is one of the most widely used separation techniques in recent years, and magnetic carriers can easily achieve separation between solid and liquid phase. In this study, with aiming at the current deficiencies of Cr (VI) removal technology, a carbon containing magnetic composite material with core shell structure was prepared by the two-step method. The carbon loaded magnetic fiber material was prepared with glucose as the carbon source precursor. The asprepared material has advantages of low cost, environmental friendliness, good dispersion effective treatment of Cr (VI) and could be recovered by magnetic separation technology. C/min. Then, the calcined product was dispersed into the distilled water into which glucose was dissolved. The solution was transferred into the autoclave and aged at 180 o C for 24 h. After reaction, the autoclave was cooled to room temperature. The resulting suspension was filtered and washed several times with distilled water. The as-prepared product was collected after drying for further use. The mass ratio of CoFe 2 O 4 nanorods to glucole are 1:0, 1:1, 1:3, 1:5, 1:10, respectively. Accordingly, the obtained samples are denoted with C0, C1, C3, C5 and C10, respectively.
Characterization
XRD analysis of the samples was carried out by D8 Advance X-ray diffraction with Cu Ka radiation (λ＝ 0.154056 nm). The morphologies of the samples were observed by JSM-6490LV scanning electron microscope (SEM). The thermal decomposition properties of the precursor samples were characterized by ZRY-1P type thermal gravimetric and differential thermal analyzer with heating rate of 10 o C /min under an air atmosphere and temperature range is 50~600 o C.
Absorption experiments of Cr (VI)
Kinetic studies: the 40 mL solution containing Cr (VI) ( 50 mg/L ) was added into the flask and pH value of the solution was adjusted to 3. Then, 20 mg samples were added into the above solution. This mixture was shaken on a constant temperature oscillator at 200 r/min, and the residual phosphate concentration at different moment was determined using a UV-Vis spectrophotometer (UV-2450, Shimadzu).
Sorption isotherms studies: 20 mg samples were added into the Cr (VI) solutions (40 mL) with different concentration (HCl and NaOH were used to adjust the pH of the working solution). Then, the solution was shaken well and achieved the adsorption equilibrium after 24h in constant temperature oscillator, and the residual phosphate concentration after adsorption equilibrium was determined using a UV-Vis spectrophotometer (UV-2450, Shimadzu).
Drazide DPC (diphenylcarbohy) colorimetric method was used for the detection of chromium ion concentration and the detection of absorbance was measured by using 722 spectrophotometer. The adsorbed amount of Cr (VI) ion Qe (mg/g) was calculated according to the following equation:
Q e = (C 0 -C t ) V/m where C 0 (mg/L) is the initial concentration of Cr (VI) ion and C t (mg/L) is the Cr (VI) ion concentration after an absorption time t, V is the volume of Cr(VI) ions solution (lit), m is the weight of adsorbent. The XRD of nanocomposites was shown in Fig 1a, The main diffraction peaks (2θ= 30.0˚, 35.6˚, 37.0˚, 43.1˚, 57.0˚ and 62.6˚) are indexed to (220), (311), (222), (400), (511) and (440) planes, respectively. These peaks are matched with the standard cobalt ferrite spinel diffraction data (No.11.0687), which indicates that products contains cobalt iron oxide phase [11] . The diffraction peaks of carbon materials were not detected, indicating the formed carbon after the hydrothermal treatment was amorphous. The o C, the curve was getting flat, meaning that the material coated on the surface of the adsorbent was decomposed. From the analysis of TG curve, the weight loss rate of the whole process was 64.12%, which proves that the surfaces of the products were well coated with carbon. FT-IR spectrums of nanocomposites before and after the absorption of Cr (VI) were shown in Fig.3 . The peaks at 3431 and 1634 cm -1 were attributed to the stretching and bending vibration of -OH in water, respectively [12] . In Figure 3b , the stretching vibration of CoFe 2 O 4 /C was red shifted, and the absorption peak of -OH was also enhanced. It was suggested that the surface of CoFe 2 O 4 nanorods had formed a large amount of -OH in the process of carbonization. The peak corresponding to the residual C-O after calcination of iron cobalt oxalate precursor appeared at 1385 cm -1 [13] . Similarly, in the process of carbonization of cobalt ferrite, the surface of cobalt ferrite produced a large number of C-O groups, so there was a strong absorption peak at 1385 cm -1 . What's more, the peak at 1620 cm -1 belonged to the absorption peak of C=C. From figure  3c , it can be seen that the intensity of absorption peak of C-O (VI) after the absorption Cr (VI) was decreased, and a new peak appear at the 797cm -1 .According to the paper [14] , the Cr (VI) exists in the form of HCrO4 -in solution of 2.5< pH<3.5. And papers [15, 16] further illustrates that in FT-IR spectrum, Cr=O and Cr-O produce absorption peaks at 750-900 cm -1 , respectively. Therefore, the peak was the characteristic absorption peak of Cr-O from the adsorbed HCrO 4 -. This also showed that the adsorption of Cr (VI) was an electrostatic adsorption process, and Cr (VI) had not formed a new chemical bond with the adsorbent. Adsorption Capacity (mg/g) pH also have a great impact on the surface of the adsorbent and the extent of protonation. Fig. 4 was the changing situation of equilibrium adsorption capacity of CoFe 2 O 4 /C nanoparticle with the pH variation from 2.0 to 10.0. From figure 4 , the adsorption capacity of Cr (VI) was 26.32 mg/g at pH=3, and the adsorption capacity was decreased when pH of the solution increase form 3 to 6. When the pH value varied from 6 to 9, the adsorption capacity was gradually decreased. And when the pH is higher than 9, the adsorption capacity of CoFe 2 O 4 /C nanoparticle for Cr (VI) had no distinct change. The experimental result show that the maximum adsorption effect happened at pH 3. It is reported [17] that Cr (VI) existed in three main ways in aqueous solution, which were CrO 4 2-, HCrO 4 -and Cr 2 O 7 2-respectively. And Cr (VI) was affected by the temperature, pH and other conditions of aqueous solution. Weng's [18] studies shows that the presence of Cr (VI) depends on the pH, when the solution pH is lower than 3, there are mainly Cr 2 O 7 2-and HCrO 4 -in the solution. Because of the carbon process, the surface of cobalt ferrite would generate some functional groups such as -OH and -COOH due to the carbonation of glucose, these functional groups existed in the form of C x OH. When pH is 2, Cr (VI) would react with these organic groups which exist on the surface of carbon layer as follows:
RESULTS AND DISCUSSION

Composition analysis
electron microscopy images of nanocomposites were shown in Fig 1b, it can be seen that the nanocomposites are nanorods, and there was no carbon
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3C x OH+HCrO 4 -+4H + →3C x O+Cr 3+ +4H 2 O (4) Therefore, the Cr (VI) in solution was rapidly degraded to Cr (III). But the Cr (III) at low pH was difficult to be adsorbed or micro adsorbed. At pH=3.0, CoFe 2 O 4 /C would form a surface full of hydroxyl because of its large specific surface area,and the rich hydroxyl groups would be protonated or deprotonated with the different solution acidity. Under low pH conditions, the surface of CoFe 2 O 4 /C was protonated and was positively charged, then HCrO 4-was adsorbed by the electrostatic interaction. With the increase of the solution pH, the protonation degree on the surface of nanocomposite was decreased and the trend of deprotonation has appeared. The positive charge density of surface and the electrostatic interaction between the anions and surface were decreased, or even rejected, which affected the adsorption effect of the adsorbent. At the same time, the concentration of OH -gradually increased in higher pH, and the OH -in solution could produce competitive adsorption with Cr (VI), which affected the adsorption of CoFe 2 O 4 /C for Cr (VI) and also reduced the adsorption capacity. In order to explore the effect of the amount of coated carbon for Cr (VI) adsorption, three samples with different mass ratio of cobalt ferrite to glucose (1:10, 1:5 and 1:3) were prepared, respectively. We used those samples as absorbents and the kinetic curve of the adsorption of Cr (VI) was shown in Fig 5. It can be seen that the adsorption capacity quickly increased at first. After 36 h, the adsorption equilibrium was reached. With the increase of carbon content in the nanocomposite adsorbent, the adsorption capacity of Cr (VI) was gradually increasing. The maximum adsorption capacity of C0, C3, C5 and C10 for Cr (VI) was 9.72 mg/g, 25.03 mg/g, 28.72 mg/g and 31.28 mg/g, respectively. As can be seen from Fig 5 , the adsorption capacity of pure CoFe 2 O 4 nanorods to Cr (VI) was limited, the maximum adsorption capacity was only 9.72 mg/g and the adsorption capacity of the adsorbent which had no carbon coated on its surface was not ideal. It could be known that the adsorption capacity of Cr (VI) was limited due to limited surface sites of the adsorbent. In contrast, the carbon coated CoFe 2 O 4 had a good ability to remove Cr (VI), and the adsorption capacity was gradually enhanced with increasing of carbon content. This could be attributed to the synergistic effect of surface complexation, redox reaction and cation exchange interaction of CoFe 2 O 4 .Under low pH conditions, the surface complexation between Cr (VI) and the oxygen group in the CoFe 2 O 4 /C occurred, and with the increase of the pH, the surface complexation effect was weakened. Because of the high pH, the negative charge density of the solution was enhanced, which made the surface of the adsorbent have more negative charges, it can inhibit the complexing effect of Cr (VI) on the surface of the adsorbent. The adsorption capacity of the adsorbent was the strongest when the ratio of 
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